Adenovirus type 12 (Huie) inoculated into cultures of primary whole rat embryo produced foci of morphologically altered cells. The number and identification of these transformed areas was dependent upon the calcium concentration of the medium; more foci appeared in 0.1 mm than in 1.8 mm calcium. Cell lines derived from these inoculated cultures did not yield infectious virus, and also were similar to cell lines derived from adenovirus type 12-induced tumors with respect to morphology, presence of virus-specific tumor antigen, and oncogenicity. Dose-response curves revealed that transformation of rat embryo cells by adenovirus type 12 followed one-hit kinetics, and that approximately 7 X 105 infectious virus particles were required for one transformation event. Our results indicate that the transformation system described for adenovirus type 12 is reproducible, and that previous difficulties experienced in developing such a system may well be explained by the higher calcium concentration of the tissue culture media used.
There have been several reports of hamster cells being transformed in vitro from normal to malignant states by adenovirus type 12 (10, 13) . Unlike the polyoma (11, 14) or simian virus 40 (1, 15) transformation systems, however, there has been little quantitation of adenovirus transformation. Not only has transformation been a relatively rare event, but the derivation of cell lines has been accomplished with difficulty. It has been suggested that, because of more consistent transformation and cell line derivation, rat cells may be superior to hamster or rabbit cells for adenovirus type 12 transformation studies (J. D. Levinthal and W. Peterson, Federation Proc. 24:174, 1965) .
It has been found that cell lines derived from in vivo adenovirus-induced tumors have a characteristic sensitivity to calcium at the 1.8 mM concentration found in tissue culture media based on Earle's balanced salt solution (4) . At this calcium concentration, the tumor cells formed aggregates and came off the glass; initiation and propagation of adenovirus tumor cell lines could be more easily achieved in medium containing low concentrations of calcium (5, 6 ). The present study was undertaken to investigate whether a reliable adenovirus type 12 transformation system could be developed by use of rat cells grown in a medium containing an optimal calcium concentration for cells derived from adenovirus-induced tumors.
MATERIALS AND METHODS
Virus. Adenovirus type 12, strain Huie, was obtained from the American Type Culture Collection and was passed three times in KB cell cultures and once in human embryonic kidney (HEK) cultures. The HEK-grown pool was subdivided into ampoules and stored in the vapor phase above a liquid nitrogen reservoir. This pool, which was used for all quantitative experiments, was titered in HEK before and after the course of these experiments. The mean titer of 108 2 TCID50 per ml did not decrease during the storage period. A sample of this pool was found to be free from adenovirus-associated viruses types I, II, and III.
Cell cultures. Embryos, delive-ed by caesarian section from near-term inbred Fisher rats, were minced, washed, trypsinized, and planted at 2 X 105 cells per milliliter in Eagle's basal medium (2) with 10% fetal bovine serum, 2 mm glutamine, and penicillin and streptomycin in concentrations of 100 units and 100 ,ug/ml, respectively. These cultures, which were incubated at 37 C under 5% CO2 and 95%-air, were fed on the 3rd day and used when confluent, usually 5 days after seeding.
Media. Transformation studies were carried out in Eagle's minimal essential medium (3) formulated without calcium, and supplemented with 5% dialyzed calf serum, 2% fetal bovine serum, 2 mN4 glutamine, 0.1 mm nonessential amino acids (3), and antibiotics. From a 0.5 M stock of calcium chloride, calcium was added to the media at a final concentration of 0.1 or 1.8 mM.
Quantitation studies. Dilutions of the virus were made in the appropriate growth medium, and, when 362 on November 2, 2017 by guest http://jvi.asm.org/ Downloaded from confluent, cultures were drained and inoculated with 0.1 ml per tube or 0.4 ml per 4-oz flask. The virus was adsorbed at 37 C for 2 to 4 hr, with manipulation of the culture every 15 min to assure optimal virus contact with the cells. After the adsorption period, the cultures were fed by adding 1 ml per tube or 10 ml per flask of the appropriate growth medium. The cultures were maintained for periods up to 60 days by feeding the cells every other day with the growth medium. At 3-to 4-day intervals, the tubes were carefully scanned, and the number of foci was recorded. The count used for quantitation was (Fig. 1B) . In a medium containing 0.1 mm calcium (Fig. IC) , however, the control cultures were not confluent, and in the inoculated cultures the transformed foci were readily identifiable (Fig. 1D) . As described by McBride, the transformed foci looked very much like "sombreros" viewed from above (10) Cultures containing transformed foci were subdivided in a 0.1 mM calcium medium. The daughter culture bottles appeared to be pocked with colonies of transformed cells (Fig. 2A) . If kept in 0.1 mm calcium, the colonies grew (Fig.  2B) , but, if changed to 1.8 mm calcium, the colonies appeared to become walled-in and no obvious growth occurred for weeks (Fig. 2C, D) of foci appeared to remain constant or decrease somewhat due to coalescence. Metastatic colony formation did not appear to influence these counts, since cultures inoculated with 105 2 infectious units of virus developed single foci which remained localized for at least 3 to 4 weeks.
Results tabulated from four separate doseresponse experiments indicated that there was a one-hit relationship between the number of transformed foci and the virus dose, with one transformation occurring for each 7 x 105 infectious units (Fig. 3) . In cultures exposed to 107 2 infectious units of adenovirus type By using the number of morphologically altered areas as an index of transformation, it became evident that a calcium concentration of 1.8 mm not only reduced the number of transformed foci, but also inhibited the growth of these foci once they were detectable. We consider that the effect of calcium on the rate of transformation depends upon the double selective property of the medium. The double selection can be broken down into (i) the selective force for the growth of normal cells and against the growth of adenovirus transformed cells in a medium containing 1.8 mm calcium and (ii) the selective force for the growth of adenovirus transformed cells and against the growth of normal cells in a medium containing 0.1 mm calcium. That transformation occurs, but cannot be expressed, in a medium containing 1.8 mm calcium was evident from the switch experiments (Table 1) , and is consistent with previous reports (5, 6) Fig. 3 .
Although the dose-response curves were linear at the concentrations of virus used, it may be that, with a more concentrated virus inoculum, there would be a plateau in the transformation rate, similar to that reported for polyoma virus (14) and simian virus 40 (1) . On the basis of the data presented here, however, adenovirus type 12 was a much less efficient transforming agent than either of these two viruses, since 7 
